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SUMMARY
(FELFE)

We are studied to develop a new microbial soil fertilizer using the
photosynthetic bacteria and the effect proved through test on paddy and
vinyl house soil. The goal is to develop the microbial fertilizer that will be
use on the sustainable environmental friendly agriculture without the change
of quality during marketing.

Firstly, we are focus on formulation and soil adaption of microbial agent.
Because formulation is important on microbial agent that quality control
from produced to delivered user and soli adaption is a necessary condition.
Photosynthetic bacteria can grow on both condition aerobic and
anaerobic(aerobic) anaerobic), accumulated salt soil(0.5 ~ 1.5%). To preserve
of quality condition from product to using, have to making formulation to
frozen or freeze dried microbial agent and using cryoprotectant agent as
Skim—milk 5% +MSG 7.5% + Asocorbic acid 0.5% +Ascorbate 0.5% prevent to
falling off in quality.

Secondly, we obtained results of soil application and response on the crop
were summarized as follows

— In case of paddy soil, the treatments of soil fertilizer tended to the ratios
of K/Ca and K/Mg, the soil aggregation was increased to 2 ~ 2.7 times and
the ratio of nitrogen uptake was improved to 16%.

— In vinyl house soil, cucumber was cultivated the treatments of soil
fertilizer tended to increase the soil aggregation to 1.8 times compare to the
control. The activities of glucosidase and arylsulfatase increased and the
population of microorganism in the soil tend to improve. The vyields of
treatment of microbial fertilizer and fermented supernatant was increased by
9% and 17%, respectively compared to the control because of the
improvement of absorption of nutrient

Key Words @ Environmental Friendly Agriculture, Photosynthetic bacteria,

soil improvement, Cucumber, Rice
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¥ 71 Van Niel's medium % MYC medium
Reagent Composition( L) Reagent Composition( L)
K2HPO4 1g DL—Malic acid 1g
Yeast extract 10g Yeast extract 3g
MgS04 0.5¢g Casamino acid 2g

pH 6.8, buffering to 20% NaOH or HCI

pH 6.8, buffering to 20% NaOH or HCI

 Basic medium

Reagent Composition( L) Reagent Composition( L)
K2HPO4 0.5 g Tryptone Peptone 1lg
KH2PO4 0.5 g Yeast Extract 2 g
DL—Malic acid 2.7¢g TE 0.1 ml
Ammonium Phosphate 0.8 g Vitamin 1 ml
MSG 3.76 g CaCl2 (&F Hi#]) 0.5 ml
MgS04 (&=l A]) 0.5 ml
pH 6.8, buffering to 20% NaOH or HCI
2. EYNZTE FFAH PAEAAY AFF
7b. BRAVABEY 84 HAE AT EREA VA
1) As % By
) ARzd: BEA A7 FFAUAE WA exd me A%
¥ BEA 2w FTAvAAE 24 o MAESAAY] FE7IF dF T+
=13 24(%) erzA A A7) 7 o;i%
R 12.7 i
P.E.G(#200) 1.0 e A
Sucrose 1.02 50C 254 6714
NaCl 0.003 474 12714
Water 85.25 8+ 24704
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Al 3 A AvNEeY A
1. F4UAEY ESHEE A% Ad, Ad, IRy 59z

b, BRAVBEY AT EAEFHH 4
st S EFEH Fgd FFANAAEY] EAYETH 54 16S rDN
A sequence®wH?s} Phylogenetic tree—CLUSTAL X
, MEGA 3 programo 93l Figure 1.3 Table 9.9
ol 3o Ri® IATA HTEAT T4 &

LRI E

rr

R Ao

=
=
dobacter azotoformans= IHEEYC} .

o Rhodabacrer acotoformans BA2ST (DT0844)

1 Eco-M3

Rirodobaerer splraeraddes ATOCS AT R53853

i Ehadebacrer Mastieus ATOC33485- (T 6429}

Hidobacter copsedatns ATCCL1I0ET (D1 6425)

SR S Bhedobeacior wasslienss CIP10TTIST (AFA521060)

Rherdobacrer vismavkumari DENETILT T AMIOEL1 T

Riiodobacrer veldkampi ATCC35T03T(D16421)

Rlverddomnefeore wdlfeadopsdnfon TREM1ATA (THGA2 1)

 —
0.0

Figure 1. Neighbor—joining phylogenetic treeE <A ZE 3 FAAUAE ] AEEXEFHA
9 2] (Eco—M3; AALR GHF)

719 ol BERYE Rhodobacter azotoforman

s T 2R
Ao &= FEFA HAER dIdxd uwg 78 =2 Y S o
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Figure 2. Rhodobacter azotoformans® & w|7AF=(X 1,000)

Table 9. 16S rRNA gene sequence°] &A% ASEAR EF34 FA=

. Similarity(%)
No. Strain
1 2 3 4 5 6 7 8 9
1 Rhodobacter azotoformans 100
2 ECO—M3 99.62 100
3 Rhodobacter sphaerordes 98.18 98.33 100
4 Rhodobacter blasticus 94.68 94.69 94.84 100
5 Rhodobacter capsulatus  94.64 94.85 95.61 95 100
. . 96.
6 Rhodobacter massillensis  95.6  95.76 96.82 95.22 37 100
. 96.
7 Rhodobacter vinaykumarl/ 95.36 95.6 9591 9446 91 97.04 100
.. 94.
8 Rhodobacter veldkampii 94.9 9499 95.14 94.53 99 96.13 95.9 100
Rhodobacter 93.
9 ) ) 92.86 93.03 93.18 92.57 94.02 93.86 93.55 100
sulfidophilum 57

(Eco—M39] sequences - 1369bases)

GGAATGCGGCAGCTACACATGCAAGTCGAGCGAAGTCTTCGGACTTAGCGGCGGACGGG
TGAGTAACGCGTGGGAACATGCCCAAAGGTACGGAATAGCCCCGGGAAACTGGGAGTAA
TACCGTATGTGCCCTTCGGGGGAAAGATTTATCGCCTTTGGATTGGCCCGCGTTGGATT
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AGGTAGTTGGTGGGGTAATGGCCTACCAAGCCGACGATCCATAGCTGGTTTGAGAGGAT
GATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TCTTAGACAATGGGCGCAAGCCTGATCTAGCCATGCCGCGTGATCGATGAAGGCCTTAG
GGTTGTAAAGATCTTTCAGGTGGGAAGATAATGACGGTACCACCAGAAGAAGCCCCGGC
TAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGTTATTCGGAATTACTG
GGCGTAAAGCGCACGTAGGCGGACTGGAAAGTCAGGGGTGAAATCCCGGGGCTCAACCC
CGGAACTGCCTTTGAAACTCCCAGTCTTGAGGTCGAGAGAGGTGAGTGGAATTCCGAGT
GTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTCACTGGC
TCGATACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTA
GTCCACGCCGTAAACGATGAATGCCAGTCGTCGGGCAGCATGCTGTTCGGTGACACACCT
AACGGATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCT
TACCAACCCTTGACATGGCGATCGCGGTTCCAGAGATGGTTCCTTCAGTTCGGCTGGAT
CGCACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTCGGTTAAGTCC
GGCAACGAGCGCAACCCACGTCCTCAGTTGCCAGCATTCAGTTGGGCACTCTGGGGAAAC
TGCCGGTGATAAGCCGGAGGAAGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGG
TTGGGCTACACACGTGCTACAATGGCAGTGACAATGGGTTAATCCCAAAAAGCTGTCTC
AGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTA
ACAGCATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGG
AATTGGTTCTACCCGAAGGCGGTGCGCCAACCTCGCAAGAGGAGGCAGCCGACCACGTAG
ATCTT

4. 3RYEAEY 4YH 54 =24

1) A@zas

b)) 37 wmE g7 z2AdA9d AF ¢ ARy §F 2 Fro wE
22

EF U e awHed vAEe 57wt @714 2ddd dA4Fes A
BAd EAS Jlxa 9oy, FIFAuAES Aox= ¥ 3 3 o] 57
A714 2o BE Adel ogFEL B F odnk. zEu @714 xdng
B 574 2N A4Fel Frue AdRE: AU,

_24_



= 1]
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50

Y]

Dry Cell Weighti{g/L)

55 61 66 71 78

(Y]

Dry Cell Weight (g/L)

Figure 3. 37] - €714 Z oA FgAAnYE9 A

[: @724 3 0D, B : 571274 & 0D, A : &7]
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a2 Adstel wet A AdsEdu . oy Aol dede FH49
dHor nHEIS oz AlgFET .

w3 AF4 W3l (Figure 4. (D) #%Z)E pH, O.D. 39
Halel ol Basic mediumolA Wi 8 9AZH 4 .75x10°0=
g =A AEFE e .

a8y, olE FHAHA A " oAl $-9oH . WAL & A
759 ZF7ExE v gH, 71 Van Niel's medi umolAg
HjoFo] 7 3AA 4 .00x10%2%2 Basic medium9 5.34x1
0" cfu/ml-hr®Rt} =& 5 .48x107cfu/ml - -hrz 3#F HY
. #3312 MYC mediumolAde AAESF Z7 £x= 2 .27x107 ¢
fu/m1l - hrolt.

4: (A) ‘. 15 (B) Mﬂnﬂ{l 3:4

: e P
T R ;
i, Fi/ iy F/ﬁﬂw 2

o5 0 -//'D/j/ 68 02 —D&D'ik}/ 538

20 25 29 33 37 > l:lm.e.lh.]r 3 88 73 77 3 89 93 97 0 4 6 10 20 25 29 33 37 41 ]:"EA::: 53 57 61 65 €3 73 77 81 85 8%
(©) P ERIG)
/ / 78 1.0E+09 %

- X W : 1.0E+08

U

E:’ D—&W/ 7.2 =%
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Figure 5. ThFsk 9o

Time(h)
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(A) Basic medium (B) MYC medium (C) 71 Van Niel's medium. — (@ : 3% [1:pH ) — (D) 2 4
okfxlol| A1) et W3l — (@ : Basic medium, [1: 71 Van Niel"s medium, X : MYC medium).

A9 235 d¥doem dgddud FFAEvAE el 71 an Niel

v
T Aoy, oe Fdgel " 100

'"s mediumeo] A3striar I

%S datazyv FFH , wug Aojojm=m AN fHoxeta B F
U= Aot

Ek,  wpFMFel wEel v FAAHR] datas HERIHY, ATd
=, Aa AAd FdFS A= 4= C-sourceo, AR IFS
Hales 84F N-sourceds ¢ dom, FFAnAEo dAaAHE
Fa AFITE AMAS GA HATG (FEMA =AHdFZSY Figure 6 =+
%)
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Figure 6. st JFUS o] &3 A EL] vt wE A4 Ws)
B @ Basic medium, M : MYC medium, V : 71 Van Niel's medium

2. EFAZFE FRAAWAAEAALG AP

7h. BV EY B FAE AT BEA =24
D AE A
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[] : Viable Cell Count(CFU/ml) X : pH, @ : Optical Density(660nm), & : Dry Cell

Weight(g/L)

Figure 8. R A7} A71H FIdAv A= A A7|3F Fotke] A st
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Table 11. =W w& FAdnAE] &4 v
FHE _
A (Ovtical Density: Viable Cell +34%(0.D.) CFU
= ptical Density;
° Count(CFU/ml) v & H] &
660nm)
PSB 9 114.96 2.0E + 9 1
5 - T 578.7 1.0E + 13 5.03 500
o 528.3 4.0E + 12 4.59 200
% — P, dl§Z(ton &)Y FFAAVAAE sF Ajetn, FAHANE
| AA 22 %Y MAaHE dito] wATH
H| 371
. BE - T BE2E7 2o cell #AREIF F o] FA U}, 285001 oF})
of A3 &, we FAANS T3
) s5 FFAANAEY] AFd TEST
Tubular centrifuge® Pall—-sep.Z o&so ¥=3
FRAAMAAES 4T AXAEA AFstH A WIE HEsGon a
= Figure 9.9 #u.
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Z. BT RBEAAY EEA FH H AYZRZ(/HENE, FIAZFY F)

1) A4

7h) 71 HEAe] M

Skim-milk, MSG, Glycerolg Z7] HAYg s HE3
A}-8-3}

zq
71 98 TAARE AN A3, Skim-milke A "dHo=
of FAAZXE A& WY FEA 10%°MAe 0.124%
2 . 5%HTY Fold w AEEFo PihIE AFSE HY
F Jqd(Figure 10. FZ).

MSGE 5% ALYst 7.5, 10, 12.5%04 =% 25 ~ 37

Glycerol2 949 HAS zte Edoy] wEe Le=rt ofd As
=2 A7bEor s, ol EAAzR AHS ndEste] Az § Edss
BA4E& nH&er = AFY] 5EA wWEolt.

w2 AEES obdARt, AwxE HUHEAE AF, Skim-mil ke
MSGE HzxZ + dv HIARS AEE 7lsd o= Amdo. s
7] A AFE 9% 1 .25%9 Glycerol ¥EAME 2 F 9l
ot .
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Kinds of protectant agents

Figure 10. F3 v AE] 54 % SZAUAZE 93 7|2 BsAe 44
A; Skim milk 10%, B; Skim milk 12.5%, C; Skim milk 15%, D; Skim milk 17.5%, E; Skim
milk 20%, F; MSG 5%, G; MSG 7.5%, H; MSG 10%, I; 12.5%, J; MSG 15%, K; Glycerol
1.25%, L; Glycerol 2.5%, M; Glycerol 3.75%, N; Glycerol 5% (M; =7, [I; 52474x% &,
O; AEH)

W) EdsAnsAe v 4 £33 A& A4

HoAY F 245 FFAEANAE wigFded 10 ~ 16.25%=% 3o &
ANRxE AH3ys¥ A3} Skim milk L& MSG TS A& HA9u,
Ee 2For HIAE AEIS wWrERT 5% Skim milk, 10%
MSGS 7 Glyceroleoe ZFHANSE 4F o F& AESES HAH
T GlyceroldY % 1% BHuyE 1.25%77F Z3EALE w NHES
o] 68 .1%=% 7Fd $FstA usgten , ZFHE e HAAHAdAME EHY
R #EL F UJdG(Figure 11. Fx) .
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Figure 11. E30]& 9 &3 BaAd w2 FgAAnAYE] 54 2 540x% & AEE
A; Skim milk 12.5%, B; MSG 12.5%, C; Skim milk 5% + MSG 7.5%, D; Skim milk 5% +
MSG 5%, E; Skim milk 5% + MSG 10%, F; Skim milk 7.5% + MSG 5%, G; Skim milk
10% + MSG 5%, H; Skim milk 5% + MSG 10% Glycerol 1%, I; Skim milk 5% + MSG
10% Glycerol 1.25% (W; =7, [, 271x% &, O; AEH)

A gEEe
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e
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AF}+= Figure 2 .9% #u
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A; Basic + Sucrose 1%, B; Basic + Sucrose 1.5%, C; Basic
Lactose 1.5%,

E; Basic + Maltose 1%, F; Basic + Maltose 1.5%, G; Basic
Isomalt 1.5%,

I; Basic + Erythritol 1%, J; Basic + Erythritol 1.5%, K; Basic
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Qoo e AMWHEES Table 2.9 o Lo H7/AMAAN =
Top AdAgue EFAF Fdel ST
T AEHd EY FSAHSE Table 3 .04 Arry fFacols sk 6
27 mg/ kg, A ZEFEIFS 9 .76 cmol+/kgZ JNFHIEA
Hth %31 9F%5%7 1 .63 dS/moez tia dAF7 vaxr gAE %ol
Aot
Table 2. 2o F71 A4 A8 2 F5oF A Au 2 a)
A8 % (kg/10a)
2 A Al 7
o =1 XH—| 431 XHBHHJ'%J ;é_]-i ?_/‘\l‘ %}E] ﬂ‘ﬂ] l:l] T
(€£.4) (cm)
9.2 [10.3] 8.1 | 5,000
w1707, 10. 15 | 190 18 | HZAW | - | - | - - =) A vl
T 007, 12,10 | (A 2%) | ok | - | - | - - | 597F Fn|EA
Table 3. Qo] A|AAulA] A& A EF3}shA
pH OM Av.P205 2] 244 (cmol+/kg) ( CECI EC T—-N
cmol+
(1:5) | (g/kg) | (mg/ke) K Ca Mg kg ) (dS/m) (%)
7.51 22.8 627 0.51 9.76 3.81 15.11 1.63 0.15
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Al 2 A AFALeY A5

L. = 7149 EF FRAANBEAA Ad e EFMFadH

7. AEARF
= EJdA wWE Auistdar FFAHAUAAEA(PSB wA )9 aY HedS
AYsFS W, ESIEAe HIE Table 4 .04 Aynd FA3g
a7 A FTHREE FEHS HIe gldeyd, FFAANAAEAE AgsglEs w
E¥ #7113 fFacide Bad®e A4 34 .2g/kg, 39mg/ kg
oldom  ANIAH vty ¥ nEHGF TFFe Az 0. 25 1.26c¢cmol
+/kgoz2 FAHIE FIPAMERTG Y SR oYy, AIAH D E HATH
L 3 .37cmol+/kgoex o FHAieFr. wjFE ASA FHdHd =
Hals HW FAg dgiv] ddAhe] HAEHFS 0. 23%2 TU/HASH  #7
5, ASA JtEe #HasHEE ot F7kE AEdodu . AgleEdEz B
i AElsert 2245 EYse HAEda HIEHE SHY EY F9
ZFESI = AFo)R e, fUIEY XA e add AZsrt $SE4H
EY T EFFo] =2 AFgo|drt.
Table 4. &= E¢9 AlE & Aejd EY 3484 vl
S pH | OM |Av.P,05| *#4(cmol+/kg) CEC | Av.SiO; | T-N
= (1:5) | (g/kg) | (mg/kg)| K Ca | Mg |(cmolt+/kg)| (mg/kg) | (%)
A g 5.3 33.1 32 0.18 | 3.72 | 1.23 10.0 45 0.20
EM Al | 5.3 34.1 40 0.24 | 3.27 | 1.26 9.8 42 0.21
A" | PSBAl | 5.1 34.3 38 0.25 | 3.46 | 1.26 10.3 50 0.21
3 5.2 | 34.2 39 0.25 | 8.37 | 1.26 10.1 46 0.21
40008} | 5.2 34.9 26 0.27 | 3.33 | 1.18 10.4 46 0.21
3000 | 5.1 34.2 44 0.20 | 3.65 | 1.24 9.9 45 0.23
v %k | 20008) | 5.2 34.3 36 0.20 | 3.23 | 1.17 10.1 56 0.22
A=l | 1000w | 5.1 34.0 43 0.19 | 2.89 | 1.06 9.6 47 0.27
5008 | 5.1 33.0 39 0.18 | 2.87 | 1.05 9.4 41 0.20
I 5.1 34.1 38 0.21 | 8.19 | 1.14 9.9 47 0.23
w oS wjg Aol gigk 84 A e wjS
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Figure 1. FFA0AEAAE ELFA7|H]S Hs}
% HAHEY - K/Ca 0.05 ~ 0.50, K/Mg 0.05 ~ 0.17, Ca/Mg 3.00 ~ 3.30

E Figure 1.0A& EEH2t Zo| E2do HIMH| g2 HSE AMHEH
A" F ElAM Sxazl oiel iz S oL BIstn A3 #EFE2 R
otElol o2t K/ Ca2 K/MgH7t B=EHA2H Ca /Mg HE ot &
a=of Zof mat EgkststMe| JiF SIE JIHE F= UUCH.

ul A E A Al et wjdAT e Al wE B FrIAE = B EY
EAY WIE Table 5 .94 AHEA FAg e 3
, 57 .3, 3.8% wdA FAEH EJ 349 HPEEILS

ol
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Table 5. AEAA L w5 Al w2 B 34 9 24 v
- . E R (V/V, %) rda=ih=t TIE R
- 14} o A} 712 (g/cm) (%) (kg/cnt)
FAE(FY) 38.9 57.3 3.8 1.04 61.2 1.44
EM A 38.5 58.3 3.2 1.03 61.5 1.47
A8 PSBA| 38.0 57.4 4.6 1.01 62.0 1.37
H 7 38.3 57.9 3.9 1.02 61.8 1.42
40009) 38.8 57.5 3.7 1.04 61.2 1.40
30009) 38.7 57.9 3.4 1.04 61.3 1.37
k| 2000H) 39.5 54.5 6.1 1.06 60.5 1.39
AR 10008 37.7 60.0 2.3 1.00 62.3 1.35
500 vl 37.4 57.5 5.1 1.03 62.6 1.75
F 7 38.5 57.7 3.8 1.03 61.5 1.42
[ AEA A} wlF ATAqYg EGAHTC wE EY AP WHIE Fi
gure 2 .°4 ARy uwAEAAEZ FAHIERT 2 9~ 3H A= @
o]l FAHHE AL & F gdem 0.1 ~ 0.5mm =Z7Y e g
e FFAAVNAEARY EM HAV =Xy 0.5 ~ 2. 0mm A7
o AP TS A= v AIFS HIT T oY A5AS AYEIS
dE 0.1 ~ 0.5mm =A79 #H& dde Fxz ByAMEG FAY
H =3 dats wo A weE dudgAdse MAdaxss ey 3,000
W w=2 A is =% 38 AR & JuIASS HIAY .
180 7wwrg 800 600 -
160 810720 - *DHE\ 500 +-'f—x'|E| 'l'/lDDDHH
WO 4 it [ 600 - oM o S R
L I PSR 400 10008 so04
m0.25"05
gl 8 - 10 30 -
80 -
: 200 A
¢! IR 'y N
p . o 100 -
00 0.00 T T T T — 1 0.00
23z e PiBTH <01 02505 05410 10720 =20 <01 025705 0510 10020 =0
<m| A E A A2 > < H|FFTd =8 >
Figure 2. FZAAEZAAE, g F5 v EY dddAd s vjn



FFAAABEAA ESFAgd wmE EGF HF5Ee EAAWSE Figure 2
Lol AHHETME 0. 1bar FAANAY EY HAeFE IFHS 50 .7 5
0.1%% ¥AY 48 .7%H79 T AAdd ZA3E ®BIgoy, 0 .3bar
ol AN E F AP FAAwer AolE HolA &ttt T AE
Egnide AAREE EMAD FRAMARA & oldT. ® AFANAE
F AEAL AdHe WE TAY pAAuRd 2 wirge ta A
= Age ungor, 4% Ay FEEL A4F FFS dYow 3,00
oM EE Adage WA AN EdE g

55 - 55.0 -

50 - 50.0

a5 - 45.0 -

40 - a0 | T BHE

35 | 350 | 4000}

30 { Xz 30.0 :30‘}0HH

|l - ; 2000H}

2 EMA 222 == 10004}

207 PSBX ' ~*=s00tH

15 , , , 15.0

0.1bar 0.3bar 15bar 0.1bar 0.3bar 15bar
<FJAAEAAE> < HIFFTY s=4E >

Figure 3. MIAEZAA 2 FFAA0AE wlddsd srd e EY 2548 54 vl
WE SANGEA BRANABAG oo WIREAL AYdAL © ua
F OS] ®WslE Table 6 .94 AHEH, FAHg dH a4 FTHHE
2 FHEE ®¥Hsle= oy, FIAAUAEAE AYSUS W AWy o=z H
o AFFo] Yo AR=Z YErur Wi Aedel AEHEzrx fFAg A
olRoem AHE FEIAE= FHI AFEFES ATt
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Table 6. W 57| AujAl A2t AE wfeFe] A28 A5 A5l

T i Z&(em) | & (em) | A0/ | &8 (cm) | A9 (cm) R L
7 A g 100 97 8.7 19.2 31.6 20.8

E M 105 102 10.3 21.3 33.3 22.9

TAE| FEA 101 98 8.7 18.7 34.0 22.5
¥ 7 103 100 9.5 20.0 33.7 22.7

4000 Wj 101 98 9.3 19.6 32.7 22.4

3000 #=j 104 100 11.0 20.7 36.0 19.5

v E | 2000 Hj 101 99 9.3 19.7 33.0 18.9
Aol | 1000 |y 102 99 9.4 19.8 33.2 17.1
500 i 102 99 9.5 19.8 33.4 22.0

g 102 99 9.7 19.9 33.7 20.0

Table 7. W F7]AujA] FdvBaAer BiF Ao Aelsd sF s R 7

5w T dF | TH5E | HAHEFT | AEvE | WusF Q2
ON=) [ (35 | (%) | (g/10008) | (%) (kg/10a)
A2 (&) 12.7 121 69.6 20.2 81.9 460 100
EM% Al 14.8 113 66.8 20.1 81.8 469 102
A | PSBtA 14.1 117 67.3 20.1 81.8 468 102
3 14.5 115 67.1 20.1 81.8 469 102
40004 11.3 118 61.7 19.4 80.6 481 105
3000H) 15.0 114 74.5 20.4 82.4 494 107
Wl oF| 2000H] 13.7 110 63.2 20.6 81.5 440 96
&5 1000w 11.5 107 60.6 19.9 82.7 446 97
500} 15.3 102 80.5 20.6 82.5 457 99
I 13.4 110 68.1 20.2 82.3 459 100
LSD(0.05) ——————————————mm—m e mm e m e ——————————————— NS
OV mm 3.8 %
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Table 8. B =A Aelel me & 4 54 va
FE(W/W,%) P = e
T ow o

A4Y | BA |4 B | FARY | e | SR oues v gk

732 (3Y) 87.9 02 | 11.9| 639 7.5 12.7 18.0 41.2| 70.5

EM Al | 91.1 0.0 8.9 63.3 7.8 13.6 18.0 43.0 | 71.1

A | PSBA| 89.8 0.2 9.2 61.3 8.1 13.4 18.0 42.1 | 70.9

FH 7 | 90.5 0.1 9.1 62.3 8.0 13.5 18.0 42.6 | 71.0

4,0008H | 90.8 0.0 9.2 56.0 8.7 12.6 17.7 41.0 | 70.8

3,0008) | 91.8 0.2 8.0 61.3 7.9 12.9 18.0 41.8 | 72.8

vl o [2,0008] | 93.2 0.2 6.6 61.0 7.8 12.1 17.9 40.2 | 67.0

Apzol | 1,0009 | 90.6 0.4 9.0 60.0 7.8 11.8 17.8 39.8 | 67.6

500#] 92.4 0.0 7.6 63.0 7.4 12.0 17.9 41.0 | 69.9

FH 7 | 918 0.2 8.1 60.3 7.9 12.3 17.9 40.8 | 69.6

= Ege WE f/AME SUA FRANPEANET EPAFEoE A

Ae wW AEA Fo PEEFBE Table 9.04 A¥udd, FALY o

Mol FAANA AALG QA W mES FFol ok wgon | BHFIFL

Se A%e nyom FAMEE MR WS FEoAW lus nge g

of ¥e AL R, WMIFEAS AT WE ols wMEH AFo|gon

FEgAE 94 4TS ddou ALEEs B2 4% AdE FF

i ke AW miv.
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Table 9. A=AT A8 FEFT8&

(k91 %)

T 2 T-N P»05 K-0 Ca0 MgO

A g 0.62 0.22 1.50 0.55 0.12

EM 0.72 0.25 1.48 0.52 0.13

A PSB 0.72 0.25 1.57 0.48 0.26
g 7 0.72 0.25 1.52 0.50 0.20

4000 wH 0.82 0.29 1.59 0.49 0.14

3000uH 0.85 0.20 1.74 0.54 0.15

w <k 2000HH 0.73 0.24 1.18 0.49 0.13
&l 10004} 0.77 0.26 1.24 0.48 0.12
500} 0.73 0.27 1.55 0.38 0.14

Ty 0.72 0.25 1.46 0.47 0.14
v EYgd wWE f71AME stdA FRAANAEAAE ESNFELR A
P W AEARZ F¢ Y FA2o HE Table 10 .04 2yrd
FAYe FHA AHFES 11.4 kg/10aoldxn HAAHYE T w HA
AA3FFE 12 . 2kg/10adey, FAE=ZE EMAZF 11.8, PSB

<t A 7}

12 .6 kg/10a2oz2 PSBoAd 93t HALrunAFFEL 0. 75kg/ 1
0a® EMA 0.46ke/10akRt ¢ AHIYgazgrst &=

Table 10. = EFol| o] A2 dAALaH T

Z32(ke/10a) A1 % (kg/10a) 22+
T O
AEA | AERPF | ARA | AR5 | @A (ke/10a)
A2 (#) 602 636 3.71 7.65 11.36 -
EM 548 630 3.95 7.88 11.82 0.46
A
PSB 610 629 4.37 8.20 12.57 1.21
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Table 11. = B2 Agd nAPEFe] W3}
- & Al (B) WA (F) WA (A) B/F A/F
228 7.78 X 106 | 2.70 X 104 | 1.10 < 106 288 41
A EM 5.12 X 106 | 2.80 X 104 | 1.02 < 106 183 36
7 PSB 4.80 X 106 | 1.56 < 104 | 0.96 X 106 308 62
ojMEX Xalo mE Alg F o/dEAMe HSEIE Table 11.0A A
HEH 22Xz ov|sted Mz7n ZZole] ZLUZJt =Hoilx PSBTFH Xzl FolAM
B/F &3 A/F gol B7I=0o o|ldEa0 =ZEEo Hajwde ANz g
Mo 9d=JF ZIHE el fdst #Hdoz2 JMEOo = AFEE LIEHCH.
Al An) 717sek Well tid FEMAAEE Table 12 .94 HiEwke)
2ol FAAHEL} wmSFgTd A LA AFS AT
Table 12. ¥{EF I ZAHSS : vlg]/F)
TR 542 FAd v A E A EM A vl ) 5o
1R R 8.7 12.3 14.6 30.5
T = A8 4,0008) | 3,0008] | 2,0008) | 1,000%) 5008}
A e 23.5 5.8 30.5 139 50 3.8
¥ ZAFLAE 2007 10€ 10Y
EAEs
140 @
120 &
100 F
80
60
40
20 |
0 l L |
FEESTEEE RS PEHTEIBER
Figure 4. ¥ AlgAn) 717+ F9] ZA4-5 WHs)
% 69 309 ~ 79 10¥ : 83 — 242mm, 89 4¢ ~ 8¢ 15¥9 : 103 — 201lmm, 8¢ 28¥¢ ~ 99 7<¥ : 113] — 410mm
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Table 13. 7] A}
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